Abstract: This study focused on the effects of track substructure material nonlinearity on sleeper design pressure for conventional heavy haul railway ballasted railway tracks. The material nonlinearity was applied by using Mohr-Coulomb criteria implemented in finite-element method analysis. By varying the railway track axle load, a sensitivity analysis was carried out considering the different clayey subgrade cohesions, elasticity modulus, and ballast internal friction angles. The comparison of analysis results for the elastic and elastoplastic conditions showed significant differences in the pressure distribution pattern and pressure values. By comparing the sleeper's average pressure values obtained from the nonlinear analysis with the American Railway Engineering and Maintenance Association and Standards Australia standard sleeper design pressure values, two multipliers were suggested.
Introduction
Among various modes of transportation systems, ballasted railway tracks are one of the safest and most economical. As a geotechnical problem, track substructure stress and strain distributions have major roles in ballasted railway track design. Moreover, evaluating the track bearing capacity with regard to the efficiency of substructure components is the most important part of the design process.
In previous decades, two major difficulties were encountered while studying such problems using analytical approaches: (a) recognition of the parameters causing bearing capacity mobilization; and (b) existence of complexities owing to the nature of substructure materials.
These problems not only caused some necessary simplifications in analytical models but also reduced the reliability of results. The evolution of computers, numerical methods, and advanced calculating tools provided some facilities toward understanding the problems and providing many practical applications.
In recent years, the application of numerical modeling in railway track analysis and design has caused significant improvements in parameter identifications, which influences the track performance. In this regard, Arbabi and Loh (1991) developed a finite-element model for the track system and incorporated the random nature of track loading and resistance parameters in the analysis of railroad tracks. Li and Selig (1996) considered the parameters influencing subgrade plastic deformation and the results showed the significant influence of soil physical state, soil type, traffic tonnage, and wheel loads on plastic deformation. Shenton (1997) developed analytical models based on new equations for crosstie tracks subjected to the concentrated lateral loads, and the analytical solution showed good agreement with the measured data. Li and Selig (1998a, b) developed a new design method in which soil resilient modulus, soil type, and soil compressive strength were incorporated. Rose and Su (2004) used the KENTRACK computer model to compare stress levels in various vertical locations in the railroad track beds for different track systems. Shahin and Indraratna (2006) carried out a parametric analysis by a finite-element model of a railway track and found that the subgrade resilient modulus was the most significant factor affecting the track response. Indraratna et al. (2007) developed an elastoplastic stress-strain constitutive model for the railway ballast. Choudhury et al. (2008) developed an analytical model with special reference to the ballast and subgrade, and incorporated different soils' formation into the model.
Most of the railway standards assume that ballast pressure is a uniform loading pattern on the areas including rail seats on the partial lengths of the sleeper. However, according to the previous analytical and experimental results, ballast pressure is not only uniform but also distributed throughout the sleeper length.
In this study, a Mohr-Coulomb elastoplastic material model is applied for ballast, subballast, and subgrade materials and the material nonlinearity effects are investigated on stress distribution among track substructure components, considering sleeper design pressure for heavy haul railway tracks.
To better understand the nonlinearity effect and axle load variation from moderate to heavy axle load values, a sensitivity analysis is conducted by varying the ballast internal friction angle, φ, clayey subgrade cohesion, c, and subgrade elasticity modulus, E s as track substructure components.
According to the results, the pressure distribution sensitivity to the considered parameters on the sleeper-ballast, ballast-subballast, and subballast-subgrade interfaces will be shown. The results show significant effects of elastic and elastoplastic conditions on the pressure distribution and value. Furthermore, two values will be introduced by comparing the numerical results for the 1 Assistant Professor, School of Railway Engineering, IUST, Tehran, Iran (corresponding author). E-mail: m_esmaeili@iust.ac.ir
